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ABSTRACT— Studies on “embodiment” show that mov-
ing your body can enhance cognition. We investigated such
effects in a verbal memory task across age. In Study 1, chil-
dren, adolescents, and young adults (N = 148) were tested
in group sessions and reproduced number series of increas-
ing length. In the “embodied” condition, subjects walked to
numbered gymnastic mats. In the “sitting” condition, the
numbers were presented visually. All age groups, except the
youngest, showed a deterioration of verbal memory per-
formance in the embodied condition compared to sitting.
In Study 2, young adults (n = 33, Mage = 24.5 years) and
children (n = 28, Mage = 7.3 years) were tested individu-
ally, with smaller target fields. There were no differences in
verbal memory performance between the conditions. This
indicates that “embodiment” does not always lead to perfor-
mance enhancements. Instead, moving through space while
thinking represents a dual-task situation, causing perfor-
mance decrements across age.
In most schools, students sit in class and are instructed to
listen but not to move, as almost every body movement is
considered to be a disruptive behavior. However, movement
can have positive effects on learning in children. This has
been shown in intervention studies, in which physical fitness
training led to cognitive improvements (Hillman, Kamijo, &
Scudder, 2011; Vazou, Pesce, Lakes, & Smiley-Oyen, 2016),
and in acute exercise studies (Tomporowski, 2003; Tom-
porowski, Davis, Miller, & Naglieri, 2008; Tomporowski,
McCullick, Pendleton, & Pesce, 2015). In addition, cognition
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can profit from body movements if the movement is related
meaningfully to the cognitive task (Hainselin, Picard,
Manolli, Vankerkore-Candas, & Bourdin, 2017; Mavilidi,
Okely, Chandler, & Paas, 2016; Skulmowski & Rey, 2018b), in
particular, if cognitive processes are acted out. The concept
of “embodied cognition” has recently attracted an increased
research interest (Barsalou, 2008; Glenberg, 2010; Kiefer
& Trumpp, 2012). Wilson (2002) reviews several views on
embodied cognition. She argues that sensorimotor expe-
riences and bodily states play an essential role in higher
cognitive processes because the human mind is grounded in
mechanisms that evolved for interaction with the environ-
ment, including sensory processing and motor control. This
hypothesis is supported by the coactivation of brain struc-
tures involving both motor and cognitive abilities during
cognitive tasks (Diamond, 2000). Kiefer and Trumpp (2012)
emphasize that embodiment has important implications for
education, in particular, the sensory and motor interactions
during learning.
From a cognitive developmental perspective, it is an
interesting question how embodiment relates to cogni-
tive and motor development over the life span. Pouw, van
Gog, and Paas (2014) describe the development of inter-
nalized embodied knowledge as a gradual process. Over
time, learners slowly disembed their mental activity from
the environment. For example, children stop using fin-
ger gestures to count. In their review, Loeffler, Raab, and
Canal-Bruland (2016) assume that the embodiment effect
is stronger in children compared to older adults, espe-
cially when it is driven by new associations. Piaget (1975)
also assumed that physical experiences are essential in the
very early stages of cognitive development and become
less important with increasing age. Grounded on these
assumptions, we expected children in particular to profit
from embodiment.
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Several studies could show that embodiment helps chil-
dren to learn new knowledge. A study by Lozada and
Carro (2016) found that active manipulation (embodiment)
helps 6- to 7-year-old children to answer correctly to typi-
cal Piagetian conservation tasks using wide and narrow con-
tainers for water. Embodiment also facilitates the learning of
scientific and physical knowledge. Lindgren, Tscholl, Wang,
and Johnson (2016) put middle school students in the role of
an asteroid. They report significantly higher learning gains
and higher levels of engagement for children who learned
in a whole-body simulation group compared to a desktop
version.
Mavilidi, Okely, Chandler, and Paas (2017) taught a total
of 90 preschool children the solar system (i.e., name and
relative position of planets using toy versions on the floor).
Children were either taught while sitting, or while running
laps (task-unrelated physical activity), or while running from
the sun to the planets on the floor (task-related physical
activity). Memory scores in an immediate and a delayed
retention test were highest for children in the task-related
physical activity group, followed by the task-unrelated
group, and the control condition.
Embodiment has also been shown to improve mem-
ory performances of young adults and children if the
to-be-learned words are acted out as opposed to more
passive encoding conditions (Engelkamp & Cohen, 1991;
Hainselin et al., 2017; Jahn & Engelkamp, 2003; Manzi
& Nigro, 2008). Embodiment also increased vocabulary
learning in preschoolers (Toumpaniari, Loyens, Mavilidi,
& Paas, 2015), and in several classroom-based intervention
studies (Kosmas, Ioannou, & Retalis, 2018; Kosmas, Ioan-
nou, & Zaphiris, 2019; Kosmas & Zaphiris, 2020; Schmidt
et al., 2019).
In addition, embodiment can support the learning of
numerical concepts (Ruiter, Loyens, & Paas, 2015) and help
children understand abstract number magnitude represen-
tations (Fischer, Moeller, Bientzle, Cress, & Nuerk, 2011).
Link, Moeller, Huber, Fischer, and Nuerk (2013) showed that
first graders who walked to the respective position on a
number line on the floor (embodied condition) had larger
performance improvements compared to a group that indi-
cated the position on a number line on a tablet PC. Kiefer
and Trumpp (2012) emphasize the relation between abstract
number concepts and motor experience by describing num-
ber concepts to be rooted in visuospatial and action-related
representations.
A recent study by Schaefer (2018) extended the current
findings of embodied cognition to the domain of spatial
working memory. She tested 7- and 9-year-old children in a
spatial 2-back task and young adults in a spatial 3-back task.
The stimuli were presented in a row of nine adjacent fields on
the floor. Participants monitored the sequence of stimulus
fields (target field turning red) and indicated by saying “tap”,
whenever a stimulus appears in the same position as the one
presented 2 or 3 positions earlier. Participants either stepped
into the target fields while working on the task (embod-
ied condition) or remained on their position (standing con-
trol condition). Seven-year-olds profited from embodiment,
while 9-year-olds and young adults did not, indicating that
younger children profit the most from embodiment.
Working and short-term memory develop rapidly
from childhood to adulthood (Gathercole, 1999; Isaacs
& Vargha-Khadem, 1989; Li et al., 2004). Therefore, research
should take developmental differences in working memory
capacity into account. Previous embodied cognition studies
usually only compared two or three age groups. The current
studies investigate the effects of embodied cognition on
memory performance in a larger age range across childhood
and adolescence. We addressed the question whether mov-
ing through space while encoding verbal memory content
connected with spatial cues is helpful for performance, and
whether there are age differences in this respect. The task
was to encode number sequences of increasing length either
while sitting or while moving to numbered target fields. We
hypothesized increased recall performance in the “embod-
ied” condition because the recall process can be seen as a
simulation of past experiences, including motor and mental
states (Barsalou, 1999; Dijkstra & Zwaan, 2014). Movement
information (e.g., the path walked, the distance between
numbers, and the position of turning points) should increase
the perceptual richness of the memory trace, increasing its
likelihood to be reconstructed successfully.
In Study 1, children and young adults were tested in
group sessions in a gym hall. In Study 2, the same memory
task was used, but participants were tested individually in
a laboratory. Movement was reduced by using smaller tar-
get fields to disentangle the effects of physical activity and
embodiment. Interstimulus intervals assured that partici-
pants could reach the target fields without running. Based
on previous studies (Hainselin et al., 2017; Link et al., 2013;
Schaefer, 2018), we assumed that younger children profit
more from embodiment than older children, teenagers, or
young adults. Because earlier studies have mainly focused on
long-term memory, the current studies extent the research
field to verbal working memory. If embodiment helps to
memorize verbal information, these findings could be used





Study 1 recruited 148 subjects from local sports clubs and
schools. See Table 1 for gender and age distribution. All
participants had normal or corrected-to-normal vision and
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Table 1
Study 1 Descriptives and Cognitive Background Information
Age group 1 2 3 4 5
School grade 1–3 4–6 7–8 10 Young adults
N (males/females) 27 (10/17) 28 (10/18) 30 (12/18) 40 (24/16) 23 (19/4)
Age (years)
M 7.8 11.4 14 16.6 23.5
Range 6.4–9.9 9.8–12.1 12.4–14.9 15.7–17.5 20.0–30.0
SD 0.81 0.50 0.68 0.50 2.78
Digit–symbol substitution (correct items per second)
M 0.27 0.44 0.55 0.68 0.68a
SD 0.06 0.08 0.11 0.09 0.14
a Note that the Digit–Symbol mean for Age Group 5 was calculated from n = 21 because of missing data.
hearing. Participants or their parents provided informed
consent. As a background variable, perceptual speed was
measured with the Digit–Symbol Substitution Task (Wech-
sler, 1991). Consistent with the literature on cognitive devel-
opment (Petermann & Petermann, 2010), an analysis of vari-
ance (ANOVA) with age group (5) as a between-subjects
factor showed a significant main effect for age group, F (4,
145) = 94.008, p< .001, reflecting performance increases
with increasing age. The study was approved by the Ethics
Committee of Saarland University.
Experimental Task
Verbal Memory Task. The Verbal Memory Task was based
on the Digit-Span Task (Petermann & Petermann, 2010)
but was enriched with spatial information. Participants were
instructed to memorize number series of increasing length
and to reproduce them in the correct order. The depen-
dent variable was the sum of correctly remembered num-
ber sequences. Two trials were tested for each sequence
length. Numbers were presented via loudspeakers with an
Inter-stimulus interval of 6 s. At the end of the trial, par-
ticipants wrote down their answers on a sheet of paper. The
sequence lengths ranged from 3 to 9 digits for school grades
1 to 8, from 3 to 10 digits for grade 10, and from 3 to 11 dig-
its for young adults, to avoid floor or ceiling effects. Each
participant worked on two versions of the Verbal Memory
Task: sitting and moving, in counterbalanced order. Figure 1
presents an overview of the experimental setup. In the sitting
condition, participants sat on gymnastic mats and were pre-
sented with the numbers via loudspeakers and via a beamer
on a screen. For the moving condition, nine gymnastic mats
with numbers from 1 to 9 were placed next to each other with
a 10-cm gap in between. Subjects were asked to move to each
number on the respective mat during encoding. The ISI of 6 s
provided enough time to reach each gymnastic mat without
running. Participants in both conditions wrote down their
answers immediately after the last number was presented,
which remained visible in both conditions during recall (last
Fig 1. Experimental setup of the sitting and the moving condition
in study 1.
mat reached in moving condition, number presented on the
screen in sitting condition).
Procedure
The testing took place in groups with up to five participants
per condition. Both conditions ran simultaneously in a gym,
separated by a partition wall (see Figure 1). After the assess-
ment of some demographic variables and the Digit–Symbol
Substitution Test, participants were instructed in the Verbal
Memory Task and performed the sitting and moving con-
dition (order counterbalanced across participants). Sessions
lasted between 60 and 90 min.
Data Analysis
The Verbal Memory Task was analyzed with mixed-design
ANOVAs with condition (2: sitting or moving) as a
within-subjects factor and age group (5) as a between-
subjects factor. F values and partial Eta square values for
effect sizes are reported. The alpha level used to interpret sta-
tistical significance was p< .05. Significant main effects were
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further investigated by planned t-tests with Bonferroni cor-
rected levels of significance. For paired-samples t-tests, we
present Cohen’s dz effect sizes, and for independent-samples
t-tests, we present Cohen’s d effect sizes.
RESULTS
An ANOVA with condition (2: sitting, moving) as a
within-subjects factor and age group (5: grade 1 to 3,
grade 4 to 6, grade 7 to 8, grade 10, young adults) as a
between-subjects factor was conducted. Figure 2 depicts the
pattern of findings. The results show a significant main effect
of condition, indicating better cognitive performance in the
sitting condition (M = 10.22, SD = 4.02) compared to the
moving condition (M = 8.54, SD = 3.5), F (1, 143) = 71.09,
p< .001, 𝜂2p = .332. Furthermore, the results show a signif-
icant main effect of age group, F (4, 143) = 40.08, p< .001,
𝜂2p = .529. A post-hoc ANOVA shows a significant linear
trend of age group, F (1, 143) = 124,72, p< .001, indicating
higher cognitive performance with increasing age. The
results show a significant interaction of condition and age
group, F (4, 143) = 2.87, p = .025, 𝜂2p = .074. Paired-samples
t-tests (with Bonferroni corrected significance levels of
p< .01) showed that memory performance was significantly
better in the sitting than the moving condition for all groups
except the youngest (see Table 2).
DISCUSSION STUDY 1
The current study is the first to investigate if meaningful
full-body movements can improve memorizing sequences
of verbal information. However, we found costs instead of
performance increases in all age groups except the youngest.
In the moving condition, participants walked to the respec-
tive location while concurrently working on a cognitive
task. Dual-task research predicts that sharing attentional
resources between two tasks can lead to performance
decrements (Kahneman, 1973; Navon & Gopher, 1979;
Schaefer, 2014). Episodic memory tasks often suffer from
concurrent walking (Krampe, Schaefer, Lindenberger, &
Baltes, 2011; Li, Lindenberger, Freund, & Baltes, 2001;
Lindenberger, Marsiske, & Baltes, 2000).
But why did we find no costs in the youngest age group?
Maybe younger children rely on physical experiences more
than adults, who rather use abstract mental constructs to
solve cognitive tasks. This would fit into the concepts of
Piaget (1975) and Pouw et al. (2014) who mentioned that
physical experiences are especially important for cognition
during childhood. Still, we found no performance improve-
ments in the youngest age group. In addition, walking may
have disturbed the use of memory strategies (e.g., rehearsal,
clustering), which are used more extensively and successfully
Fig 2. Results of the verbal memory task in the sitting and moving
condition for the five age groups. Error bars = SE means.
Table 2
Results of Paired Samples t-Tests comparing the Memory Perfor-
mance of the Sitting and the Moving Condition for all Age Groups
Age group T df p dz
1 1.910 26 .067 .37
2 4.681 27 <.001* .88
3 4.157 29 <.001* .76
4 2.940 39 .005* .46
5 5.069 22 <.001* 1.06
with increasing age (Ornstein, 1978). A review by Schneider
and Sodian (1997) shows that only 40% of 8-year-old chil-
dren use cognitive memory strategies efficiently.
We also observed that younger children had a tendency
to run to the next mat, while older children and adults pre-
ferred to walk. These differences in physical activity between
the age groups could have influenced cognitive performance
(Drollette et al., 2014; Niemann et al., 2013; Tomporowski
et al., 2008, 2015). In addition, testing took place in group
sessions with up to five participants. It is possible that mov-
ing in a group is particularly disturbing.
To counteract these limitations in Study 2, we measured
heart rates to monitor physical activity and used smaller
target fields to reduce the movement space and to shorten
ISIs. This reduces physical activity and exertion and gets
closer to the traditional verbal short-term memory task
Digit-Span Forward (Petermann & Petermann, 2010). Par-
ticipants were tested individually to eliminate the influ-
ence of group testing. Study 2 investigates whether these
experimental adjustments increase the chances to find posi-
tive embodiment effects.
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Table 3



























Note. There were two rather old participants in the young adults’ sample, one
43-year-old participant and one 51-year-old participant, who were enrolled
as sport students. All other young adults were between 20 and 27 years old.





Study 2 tested 28 7-year-old children and 34 young adults.
Children were recruited via the participant pool of Saar-
land University, by distributing flyers and by word-of-mouth
advertisement. The university students participated in the
study in exchange for course credit. The children’s parents
received 15€ to compensate their expenses. All participants
had normal or corrected-to-normal vision and hearing. Par-
ticipants or their parents provided informed consent. As
background variable, cognitive speed was measured with
the Digit–Symbol Substitution Task (Wechsler, 1991). In
addition, the Digit-Span Forward Test (Petermann & Peter-
mann, 2010) was conducted to have a reference value for
verbal memory performance (see Table 3). The memory span
depicts the longest sequence of digits that could be remem-
bered correctly. The study was approved by the Ethics Com-
mittee of Saarland University.
Experimental Task
Verbal Memory Task. The Verbal Memory Task was simi-
lar to that of Study 1, with auditory stimulus presentation.
Target fields were 50 × 50 cm wide and directly adjacent (see
Figure 3 for experimental setup). The ISI was decreased to
4 s. At the end of a trial, participants reported the string of
numbers verbally, and the experimenter scored the result.
Fig 3. Experimental setup of the verbal memory task in study 2.
All numbers had to be reproduced in correct order. The
number sequences ranged from 3 to 7 digits for the chil-
dren and from 6 to 11 digits for the young adults. The
untested sequence scores (lengths 3 to 5) of the young adults
were added to their score because testing them would have
resulted in ceiling effects. No child except one reached a
maximum span length of 7. As in Study 1, the Verbal Mem-
ory Task was assessed under two conditions, in counterbal-
anced order: In the standing condition, participants stood
in front of the target fields during encoding. In the moving
condition, participants stepped into each target field during
encoding.
Procedure
Participants were tested individually in our laboratory. Their
heart rates were continuously monitored (using a Polar heart
rate monitor RS44). After assessing the background mea-
sures (Digit–Symbol Substitution Task and Digit-Span For-
ward Task), participants performed the two versions of the
Verbal Memory Task, in counterbalanced order. After that,
participants worked on a short (20-min) aiming task, which
is not part of the currentarticle. Testing sessions lasted
between 70 and 90 min.
Data Analysis
The Verbal Memory Task and the heart rate data were ana-
lyzed with mixed-design ANOVAs. All other information on
data analysis is identical to Study 1.
RESULTS
Verbal Memory Task
The ANOVA with condition (2: standing, moving) as a
within-subjects factor and age group (2: children, young
adults) as a between-subjects factor was conducted. Figure 4
depicts the pattern of findings. The results show no main
effect of condition, F (1, 60) = 1.038, p = .312, 𝜂2p = .017.
There was a main effect of age group, F (1, 60) = 166.336,
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Fig 4. Results of the verbal memory task in the standing
and moving condition for children and young adults. Error
bars = SE means.
p< .001, 𝜂2p = .735, indicating a better performance in the
memory task for young adults (M = 14.38, SD = 2.6) com-
pared to children (M = 6.82, SD = 1.8). Furthermore, the
results show no interaction of condition and age group, F (1,
60) = 3.285, p = .075, 𝜂2p = .052.
Heart Rate
The ANOVA with condition (2) as a within-subjects factor
and age group (2) as a between-subjects factor was con-
ducted. There was a significant main effect of condition, F (1,
60) = 17.525, p< .001, 𝜂2p = .226, indicating a higher overall
heart rate in the moving condition (M = 98.65, SD = 18.34)
compared to the standing condition (M = 93.23, SD= 16.82).
There was a main effect of age group, F (1, 60) = 89.928,
p< .001, 𝜂2p = .600, because of higher heart rates in chil-
dren (M = 110.1, SD = 9.11) compared to young adults
(M = 84.26, SD = 11.81). Furthermore, the results show
a marginally significant interaction of condition and age
group, F (1, 60) = 3.720, p = .058, 𝜂2p = .058. Paired-samples
t-tests (with a Bonferroni corrected p< .025) indicate that
there is no difference in heart rate between the standing
(M = 82.74, SD= 12.79) and moving (M = 85.79, SD= 13.03)
condition for young adults, t (33) = 1.712, p = .096, dz = .29.
However, the difference between the standing (M = 105.96,
SD = 11.51) and moving (M = 114.25, SD = 9.61) condition
reached significance in children, t (27) = 4.036, p< .001,
dz = .76.
GENERAL DISCUSSION
The two studies of the current article were designed to
reveal embodiment effects in a memory task connecting
verbal with spatial information. The concept of embodied
cognition argues that higher cognitive processes are deeply
connected with sensorimotor experiences and bodily states
(Wilson, 2002). Based on the literature on positive embod-
iment effects in children’s cognition (Hainselin et al., 2017;
Link et al., 2013; Mavilidi et al., 2016; Schaefer, 2018), we
predicted that younger children should profit more from
embodiment than older children and young adults. How-
ever, contrary to our predictions, Study 1 found costs in
verbal memory performance during walking for all age
groups except the youngest, and Study 2 found no differ-
ences between walking and standing in 7-years-olds and
young adults. Methodological differences between Study 1
and Study 2 may have caused the observed differences in the
results.
The smaller size and the shorter distances between the tar-
get fields in Study 2 decreased locomotion demands. Instead
of walking distances of several meters to reach the next gym-
nastics mat, participants simply had to step into the next
target field. This probably decreased the cognitive load of the
secondary motor task (=reaching the target field in time).
In addition, individualized testing assured that distractions
from other participants were excluded. The rather long ISIs
in the memory task provided participants with enough time
to step into the target fields. However, they may have allowed
for more strategic encoding activities, which are particularly
helpful for the young adults (Schneider & Sodian, 1997).
Research on acute effects of physical exercise shows that
moving while working on a cognitive task can lead to per-
formance increases (Davranche & McMorris, 2009; Schaefer,
Lövdén, Wieckhorst, & Lindenberger, 2010). For Study 2, the
heart rate was monitored throughout the whole session. As
expected from normal physiological development (Fleming
et al., 2011), children’s heart rates were higher than adults’.
In addition, heart rates did not differ between moving and
standing for young adults, but the moving condition physi-
cally activated the children. However, the average heart rate
while moving only reached 114 beats/min in children, which
is likely too low to induce cognitive improvements (around
60% of maximum heart rate = 128 beats/min, see Verburgh,
Königs, Scherder, & Oosterlaan, 2014). The physical activity
of Study 1 was probably also insufficient to increase mem-
ory performance. Future studies should address this issue in
more detail.
In embodied cognition paradigms, movements are gen-
erally performed during a cognitive process (e.g., encoding
words and digits) and are designed to be meaningful for
the cognitive task. When designing the study, we assumed
that moving one’s body to a specific location in space should
help participants to create a memory trace, leading to higher
recall success when reconstructing the sequence of target
locations. We additionally predicted that this should be more
helpful for children, who do not have other efficient encoding
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strategies yet. Because we used numbers from 1 to 9 that cor-
responded to specific locations in space, participants could
also rely on the number information and neglect the spatial
information. In addition, numbers were also presented audi-
torily, allowing for covert verbal rehearsal strategies as well.
To frame it in relation to Baddeley’s model (Baddeley, 2000),
participants could use either the visuospatial sketchpad or
the phonological loop to keep the content in short-term
memory until it had to be recalled. Despite having two
options to memorize the number sequences, it is possible
that participants used more than one modality to create the
strongest memory trace possible (Dijkstra & Zwaan, 2014).
Skulmowski and Rey (2018b) recently suggested a taxon-
omy for embodiment in educational settings. They distin-
guish the dimensions “task integration” and “bodily engage-
ment.” The authors argue that if bodily activities are inte-
grated into the learning task and participants perform bod-
ily movements and locomotion (as opposed to a sitting
condition), embodiment effects are larger (Skulmowski &
Rey, 2018a). Our moving version of the memory tasks def-
initely required locomotion and bodily movements, but our
multimodal stimulus presentation did not maximize the
integration of physical activities into the learning strategies.
In future research, embodiment effects could be triggered by
creating tasks that enforce the physical encoding of specific
locations in space (e.g., embodied versions of the Corsi block
task, Belmonti, Cioni, & Berthoz, 2015; Piccardi et al., 2008;
Piccardi et al., 2014). The aspects of cognitive load and bod-
ily effort should also be considered when planning future
studies in this domain (Skulmowski & Rey, 2017a, 2017b).
Mavilidi et al. (2018) also have proposed a conceptual frame-
work combining the exercise and cognition research with the
embodied cognition research into a blended approach. They
emphasize gross movements with high intensity, high task
relevance (which resembles the dimension “task integration”
from Skulmowski & Rey, 2018a), and high temporal connec-
tion of the movement and the cognitive task.
There were slight indications in the current studies that
the youngest children (∼8 years old) do react more favorably
to embodiment because they did not show costs compared
to older participants in Study 1. Given that studies demon-
strate embodiment effects in preschool children (Fischer
et al., 2011; Mavilidi et al., 2016, 2017), even younger chil-
dren maybe would have shown positive embodiment effects.
This effect could be enhanced if the to-be-learned informa-
tion was driven by new associations instead of known expe-
riences (Loeffler et al., 2016).
CONCLUSION
While embodiment has been shown to be effective when
teaching new knowledge like number magnitude (Link
et al., 2013) or gravity (Lindgren et al., 2016), it is still
unclear if embodiment can also help to maintain infor-
mation for shorter periods of time. The results of the
current studies showed that linking verbal information
with full-body movements and spatial information did not
enhance memory performance. This may have been because
of a suboptimal study design, leaving too much room for
additional strategic options (like verbal rehearsal) to encode
and reconstruct the number sequences. Embodiment may
be more effective in enhancing cognitive tasks involving
understanding and long-term memory. As Kosmas and
Zaphiris (2018) put it, further experimental research is
needed to clarify the relation between embodiment and
abstract representations.
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